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Abstract: Lysosomes are cellular organelles involved in energy metabolism and intracellular digestion in eukaryotic
cells, including protease, nuclease, glycosidase, lipase, and phosphatase. Our previous studies have confirmed that egg
white lysosomes had melanin decolorization and reduction activity. However, there have been few studies on skin barrier
and skin regeneration as well as inhibition of melanin production by egg white lysosomes on B16F10 melanocyte cell
line. In this study, we attempted to identify the effect of lysosome-related organelle extract (LOE) extracted from egg
white on the melanin content change and skin barrier enhancement in cells. First, cytotoxicity evaluation was performed
on B16F10 melanocyte cell line to confirm the whitening efficacy of LOE. Cytotoxicity by LOE was not observed
at 20 mg/mL concentration, but cytotoxicity was observed at 40 mg/mL, and the maximum concentration value was
set to 20 mg/mL in all subsequent experiments. LOE samples of 5, 10, 20 mg/mL inhibited melanin production by
61.5 £ 4.0%, 61.4 = 7.3%, 58.3 £ 8.3%, respectivly, compared to o-MSH, a negative control in melanin contents assay.
MITF mRNA expression was reduced by about 39.7 + 3.2% compared to the a-MSH treatment group. TEER assay
using HaCaT showed that LOE increased TEER resistance in a dose-dependent manner, indicating that LOE is involved
in strengthening the skin barrier. LOE also increased the TEER resistance under TNF-a treatment. Skin barrier was
normally restored by LOE even under the condition of inflammation. LOE had a positive effect on cell division and
cell migration promotion, confirmed by the observing the effect of promoting cell migration by LOE through cell migration
assay. Taken together, we expect that LOE can be developed as a cosmetic material to enhance has effects on skin
regeneration and skin barrier strengthening as well as whitening function if enzyme stabilization and formulation
technology are combined.
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2.1, AEr=

E ool ARESE W lysosome-related  organelle
extrct (LOE)= A=l sjaleshiiols] chemh 2
Hos A=Ak T dlox] WEAE o]8sto]
lysosome-related organelle (LO)E 3= 3t 5] lysis buffer
(0.1% NP-40, 5mM DTT, 0.1mM PMSF)@} Iysosome < 1 : 1
ulg 2 Etolo] EFHES 10 minEt vortexing T 5 %
& SJolA 30 minS WA, o] T EFES 4 C,
10 min, 13,000 pmOE 4 Hels, Aol Apgstol
LOES: #2519/ LOE 228 Wi 2|45 U] 245}
= nno] o slEoR Haslo] Agalsic

2.2, M= HHQF

3 QA0 AMEE Gl LOES] ala) Ao A
BI6F10 mR9-2 SANE R ANlite GRhaAl| =23
(Korea)ol 4] 2Rt} ARgSRlaL, g 738} 4=
Sfs ARG QIZF Gl ZFARAAEE HaCa A 11
Pjcfstin AEshHKoenolA oo} AL 4]
3= 1% penicillin/streptomycin (Welgene, Korea) 2! 10%
fetal bovine serum (FBS, Welgene, Korea)o| 3Z3ke]
Dulbecco’s modified Fagle medium (DMEM, Welgene, Korea)
oAl 37 C, 5% CO, 27i5}0]| uljeFsto] ARgaIITt.

2.3. M==d ot

il LOEQ] A2 =4 J3kE H71sE7] <flsll BI6F10
A3ZE o]8351o] cell counting kit-8 assay (CCK-8 assay,
DoGen bio, Korea)E 4343}tk 24 well plateo] 5.0 x
10* cellswell 2 AJEZE B338F 524 h SOF vjoFsto] oF
HSAZAT. o  djefol Ak 200 M @MSH
(Sigma-Aldrich, USA)9} 7} &= Wl LOES A9
Aejgk & 24 h FeF iFAIZTE 1 3 wjgAS AlA
3}aL phenol red”7} = DMEMI} CCK-8 reagentE 10 :
1 Hl&= 343 §H-E £5:510] 30 min 5k BES-A|
ok §Eg AlXl % 450 nm 2704 B s S45
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2.4, BI6F10 M|ZZOflA Rzt &2 Fot

whal LOES] debd RS B71sk7] ¢18l 6 well plate
£ A}8310] BI6F10 HZE 3.5 x 10* cellswell 2 B33+
$ 24 h 52t vjekslsict 200 M F%=9] a-MSHE ‘1
LOE®} 3 -5-Al A2jstal oF 72 h 5<t dWehd S
SXIA T g 22 arbutin (100ug/mL)yS AME-5}FS
o}, wjoFE A2t PBSE ol&sto] Al & dnjioe
2 depd Aao] oeF HIkE Rt £ trypsi/EDTA
(Gibco, Canada)s A=jstal 4 Eefsigltt. o]% IN
NaOHZ ©-83f 80 CollA] 1 h 52t ¥kg3H 2 475 nmol]
A TS S75HTh

2.5. Quantitative RT-PCRZ 0|28t mRNA &5l =H

Hepd Ay @Al Tofsls mRNA A e
BA517] 28l 6 well plateo] BIGFI0 A|ZE 2.0 x 10°
cellywell = #5510 24 h 52t vijoksiGict Pt Al
% 200 nM a-MSH®} il LOEE 5= FAlol #]2]s}
o] 2 h Bt Hepd S A=AFE o] = Trizol
reagent (Ambion, USA)S ImLA E55}0] cell lysisS 2134
3t & chloroform (Sigma-Aldrich, USA) 200 (L& 2|5}
ok L % 14,000 rpmelA] 4 C, 15 min 273} 4] &
]alo] ARl isopropanol (Sigma-Aldrich, USA) 400 (L
o 111 ERol thA) Palie] ik elg A o
%] 75% EtOHE 7} FHo| 1 mLA F55t0] 4l +elst
o] total RNAS £&3}9th 353t total RNAE= 1.5 ug/mL
S 2 AF5ITh Revertra Ace Kit (Toyobo, Japan)2 ©]-8
AL gF & cDNAS S3513ith A3lof] AR Tagman
probe+= Table 19] WX E7|3}Hck
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Table 1. Gene name and assay ID number in real-time PCR

1—/\]

analysis
Symbol Gene name Assay ID
MITF Microphthglrr.lia-associated Mim00434954 m1
transcription factor -
GAPDH Glyceraldehyde-3-phosphate Mm99999915 gl

dehydrogenase

2.6. TEER &H

il TOE®| o3t MlxFates SA4ste] oy =
A JZIE sRolslr] €8 EVOM meter (Epithelium Volt
Ohm Meter 2, 300523, WPI, USA) AH|E ARSI =
A 7 EVOM AH]E 0 ohm ZFO &2 HASE 320 min %
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2E QPYSIAZIT) o] ¥ LOE = A2t 4 20 ng/mL
tumor necrosis factor-alpha (TNF-a, Sigma-Aldrich, USA)2}
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mLA B Skl SRS AlE SEakEs) 27kl
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2.7. Cell Migration Assay

W LOEo] 2J3t cell migration H7= 6 well plateo]]
HaCaT AJZZZE 4.0 x 10° cellswello] HEE B335 5 24
h 52t HiFslRAn Alszols2 whEslr] ffal 200 (L tip
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Y LOES == SAl Agfslal Alols £m=9f
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THEskaLAl sk w2l WA nhes SN F
1];501 BI6F10 AlZoj|A] LOE®] 23t A|EZ EAJo] x|
FFS Eelslr] $J3ll CCK-8 assayS HaH5ISct A3 =
& S74% A3} oMSH T A2|2e] 29 X 1000
M 7RA] A2 =400 Bk EjR] oot QbdAdo] ElE o
e-MSH A| &5 200 M == A5 ch(Figure
1A). LOE®} o-MSH 54| A 2]oll4] LOE 40 mg/mlL &%=
ZoA NS4S TASE A oF 295 + 33%71A] Al
3L PEFo] 7451l LOE 20 mg/ml = 27104
Al 5/4do] Ao wEER] lck(Figue 1B). wpA]
BI6F10 A|3zo] &) F3ke 4] o= 54 A =
7 LOE 20 mg/mLy} a-MSH 200nM)E s A%
slo] o] e ARS XISkt

3.2, LOEO| oot Mz L 2 &2 =3 3 MITF
MRNA FTIX} L3 24

LOES] u]u] &v1= B0l5}7] 9J8f WA melanin contents
assayS =3Y319ick BIGFI0 AHlZo|l4 ¢-MSH (200nM)E
Hehd e A= 5 LOEE w82 A A 25
Az o ehd owke SAsIitE 1 A o MSH T
et Wehd ool Al oiv] 2211 + 12.6% <5
7ksto] A ew Wepd BiHos depdo] AE %
oha goslolet SUdt 2ol iRl arbutin
100 ugml-s& gt 23} depd o] a-MSH A2+
o] 1272 + 6.5%% oA og 7haalglt E3t LOES
Z¥7} 5, 10, 20 mgml FEE 2|5 A3} o-MSH 2|+
o] Hahd FHFo] 61.5 + 4.0% 61.4 + 7.3% 583 + 83%
25 mgml A= 27A5E fojHor sk A
TSl ck(Figure 2A and B). E=3$H LOE®] )3t Wahd g}
A oA 718 BRI S8l tyrosinase FAF 2 Q1)
o] MITF2] mRNA g2 3lola}dit) a-MSH 2] ol A
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Figure 1. Viability of o-MSH and lysosome-related organelle extract (LOE) in BI6F10 cells with CCK-8 assay. (A)
Cytotoxicity of o-MSH was not observed up to 1000 nM condition. (B) Cytotoxicity of co-treatment with o-MSH
(200 nM) and LOE from 0 to 40 mg/mL concentration. Cytotoxicity of LOE was not observed up to 20 mg/mL

concentration condtion. Data are presented as mean+SD of three experiments.
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Figure 2. Inhibitory effect of melanin contents by LOE in B16F10 cells. (A) Melanin contents assay were conducted
to evaluate the inhibitory effect of LOE compared to the arbutin (100 gg/mL). Cells were treated with LOE for 3
days in presence of o-MSH (200 nM). (B) Analytical data for inhibitory effect on melanin contents by LOE in
B16F10 cells. (C) Inhibitory effect on the MITF mRNA expression by LOE in the presence of o-MSH. The results

are expressed as mean + S.D of data obtained three independent experiments.

0.05, “p < 0.01, compared to a-MSH treated group.

MITF mRNA 212 3,03 + 03 1] 2715193 LOE 5, 10
mgmL FE HLoAe & HEFF §193L 20 mgmL
He)ato A -MSH X2}t oju] 1.83 + 0.1 vz oF 39.7
+32% 7k AIE FolslgdtiFigwe 20). E3F LOES
TRP-1, tyrosinase2] mRNA HHE wln|slA] AAst3] oLt
A 794 Hdridata not shown). wbA] LOE=
BI6F10 Al|3Zo|A] a-MSH A}=tof] o3l 7k Hehd gk

#p < 0.01, compared to control, “p <
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Figure 3. The TEER value (chm(Q) x cm?®) was measured to
determine cell permeability of LOE in HaCaT keratinocyte cells.
(A) Cell permeability was observed in each concentration of
LOE using DON (4 uM) as negative control. LOE significantly
increased TEER value as a dose dependent manner in HaCaT
cells. (B) We observed changes in cell permeability under the
each concentration of LOE in the presence of TNF-a (20
ng/mL) causing the skin inflammation. Although TEER value
was decreased in TNF-a induced HaCaT cells, LOE increased
the TEER value in same condition, strongly indicating its ability
to reinforce skin barrier. The results are expressed as mean =+
SD of data obtained three independent experiments.
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7381 skIAL S19Ick TNF-a %) TNF-a (20 ng/mL)
8 DON 54| H22oA § h o) TEER Aglo] &
Zet thH] 88.9 + 2.5%, 75.9 + 4.5% +E=O = A5
t} 12yt TNF-a2} LOE 5, 10, 20 mg/mL& FA|A2]t
oAM= 8 h A2] oA TEER gho] 72l Hin]
110.1 +£ 1.7% 1161 + 1.5% 1249 + 3.5%= Z7PES &
T A3MHE R 24 h A2 2oME FAERE o]
109.6 + 2.0%, 1274 + 2.5%, 138.1 + 3.5%%2 Z7}=%ct
(Figure 3B).

3.4, LOEQ] Cell Mlgrat|on =X st

LOES] AIE 24 @ AJZ o} £21& B2 913
cell migration assayS 4~3Y5}t) WO el HaCaT Aj3E3=o)|
scratch= woundE TH= & A|329] ol =
S8t FA o= 6 h A2 =4
of|A 9.8 + 1.6%, 12 h ZZo|A+= 519 + 1.2% Y= wound
7o) AYFck ¥hH SR = ARE TNF-a (20
ng/mL) A2+ 6 h #|2] A] 31.0 £ 2.0% $-F0 & AL
olFo] IHEUATL 12 h7kx] A2l W7t ¢lolct &Y
3 27104 TNF-ask DON (4 M) 12 h 717) 4] He)
St Ayl A|Z=A] 9 o]z 2J3t closure rate”} 9F 23.4 +
0.6%% /\1]:.50]50] OJ;Q]QCHO ] ol— P olohq. H]—\:q LOE
= 717} 5,10, 20 mgiml %2 6 h Hejst Ak 113 +

1.1%, 33.6 £ 54%, 37.8 £ 0.9%= A|3E o]zo] ZZE|%l1,
12 h7}A] LOEE A3 3193 © 100% 7}A] wound 27to]
2T ALK ckFigure 4A and B). ¢ 2753 36| &

=
closure rate=

o] LOE A= njdl B oluja} Al o] 5-S ZZIAA A
2] NG B TR Ay shde] =28 - IE 27
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3t B2EIALOR)e) Wehd 1) Az} Fo uus

0104 ol,]. AIE Z=Zol|Alo] Hahd SRR 2 m]E =
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Figure 4. The effect on cell migration of LOE in TNF-a induced HaCaT cells. (A) Representative images of cell
migration assay at each time. Wound caused by scratching with a 200p tip was healed by LOE, due to faster cell
migration than the control group at 12 h. (B) This data was obtained by statistically processing a blank area and
closure rates were analyzed by image J software. The results are expressed as mean + SD of data obtained three
independent experiments. “p < 0.01, *p < 0.001, compared to control, ‘p < 0.05, “p < 0.01, “"p < 0.01, compared
to TNF-a treated group.
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